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^ ' Abstract 

We study the production of neutralinos e+e with polarized beams and 

Q \ the subsequent decays Xi ~^ Xk^^^~ ^^'^ ~^ Xa^^i~i including the complete 

• spin correlations between production and decay. We present analytical formulae 

for the differential cross section of the combined process of production and decay 
^ \ of neutralinos. We also allow for complex couplings. The spin correlations have a 

^ • strong influence on the decay angular distributions and the corresponding forward- 

backward asymmetries. They are very sensitive to the SUSY parameters and depend 
strongly on the beam polarizations. We present numerical results for the cross 
section and the electron forward-backward asymmetry for e^e~ — > XiX2^ X2 ~^ 
XiC^e". We study the dependence on the parameter M' for various mass splittings 
between cl and and different beam polarizations. 



*e-niail: gudi@physik.uni-wuerzburg.de 
t e-mail: fraas@physik.uni-wuerzburg.de 
^ e-mail : bartl@merlin. ap . univie . ac . at 
§ e-mail: majer@qhepu3. o eaw . ac . at . 



1 Introduction 

The search for supersymmetric (SUSY) particles is one of the main goals of present and fu- 
ture colliders. In particular, an e~^e~ linear collider will be an excellent discovery machine 
for SUSY particles [Q. Experiments at a linear collider will also allow us to determine 
precisely the parameters of the underlying SUSY model 0. 

The neutralinos, the supersymmetric partners of the neutral gauge and Higgs bosons, 
are of particular interest as they are expected to be relatively light. Most studies of 
neutralino production e~^e~ — > i; j=lv • -A: and decays have been performed in the 

Minimal Supersymmetric Standard Model (MSSM) (see P, ^, and references therein). 
For a clear identification of neutralinos a precise analysis of their decay characteristics is 
indispensable. By measuring cross sections, branching ratios, various energy and angular 
distributions of the decay products of the neutralinos, one obtains valuable information 
about the parameters of the MSSM. 

Since decay angular distributions depend on the polarization of the parent particles 
one has to take into account the spin correlations between production and decay of the 
neutralinos. In general, quantum mechanical interference effects between various polar- 
ization states of the decaying particles preclude simple factorization of the differential 
cross section into a production and a decay factor P, 0, unless the production amplitude 
is dominated by a single spin component |p. A variety of event generators for production 
and decay of SUSY particles, such as DFGT, SUSYGEN, GRACE and CompHEP |[, 
have been developed which include spin correlations between production and decay. 

In a previous paper |]10[ the process e+e~ — ^ XiX'jy h j=lv • -A: with unpolarized beams 
and the subsequent leptonic decays Xi ~^ Xk^^^~y x'j ~^ Xa^^^~ have been studied with 



complete spin correlations. Some results for polarized beams have been presented in ||TT 
In the present paper we give the complete analytical formulae for polarized beams. We 
fully include the spin correlations between production and decay. The formulae are given 
in a transparent form in the laboratory system (which is identical to the overall CMS) in 
terms of the basic kinematic variables. Moreover, we include complex couplings allowing 
for studies of CP violating phenomena. The expression for the differential cross section 
is composed of the joint spin density matrix for the production of neutralinos and the 
decay matrices for their leptonic decays. Our formulae can easily be extended to hadronic 
decays. 

The masses and couplings of the neutralinos depend on the MSSM parameter M', M, 
/X and tan (3. The parameters M, /i and tan /3 can in principle be determined by chargino 



production alone [12, 13|. The cross section for chargino production with polarized beams 



and the decay angular distributions also give information on the sneutrino mass m,> |14 . 
However, a precise determination of the parameter M' is only possible in the neutralino 
sector. A study of neutralino production and decay also gives information about the 
masses of the left and right selectrons, and mg^. 

It is known that the forward-backward asymmetry of the production process e^e'^ 
vanishes due to the Majorana nature of the neutralinos |]^, |T3|, |TB|. However, taking 
into account neutralino decay, for instance x° — *■ i-'^^'xH-, the forward-backward asym- 
metry ApB one of the decay leptons does not vanish |jlO|, 0. This is a consequence 
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of spin correlations between production and decay. As we shall show this ApB depends 
very sensitively on the SUSY parameters. Furthermore, it depends very strongly on the 
beam polarization. The forward-backward asymmetry ApB of the decay lepton is due to 
a complex interplay of the Z and El, exchange amplitudes in production and decay, 
where the polarization of plays a crucial role. The polarization vector of is deter- 
mined by the characteristics of the production process and strongly influences the decay 
distribution. 

The main purpose of our paper is the presentation of the formulae for the combined 
process e^e~ XiX^^ Xi ^'^^~Xk Xj ~^ ^^^~Xai with both beams polarized. 
We also present numerical results for the cross section and the lepton forward-backward 
asymmetry ApB of e"^e~ — > X2X1! X2 ~^ ^~^^~Xi- particular, we study their dependence 
on M', and m-i^, and on the beam polarization. 

In Section 2 we present the formalism used. In Section 3 we give the formulae for the 
spin density production matrix of the neutralinos in the laboratory system for polarized 
beams. In Section 4 we give the decay matrices for the leptonic decay of Xi* and x'j 
covariant form. In the Section 5 we present our numerical results for the cross section and 
the forward-backward asymmetry ApB of the decay lepton as a function of the parameter 
M' for various slepton masses mi^,mi^ and for different beam polarizations. 

2 Definitions and formalism 

We give the analytical formulae for the differential cross section of neutralino production 

e"(pi) + e+(p2) ^ X-iPs) + X°(P4), (1) 
with polarized beams and the subsequent leptonic decays 

x-bs) - xUp^) + i^{P6) + r{pr), (2) 

x?(P4) - xKps) + i^{P9) + r{p,o), (3) 

with complete spin correlations between production and decay. 
2.1 Lagrangian and couplings 

The parts of the interaction Lagrangian of the MSSM relevant for our study are (in our 
notation and conventions we follow closely [0): 



Czoe+i- = ^Z^iriLePL + (4) 

cos Ow 



^zo,o,o = ^^Z,-xhno:i^PL + OyPR]x°, (5) 

'(^mo = g&PRX-h + gfiiPLxf^R + h.c, ^, j = i, ■ ■ ■ , 4. (6) 
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The couplings are: 



Li = Tsi -eesin 6w, Re = -eism 9w, (7) 

f^i = -a/2 T^iT^i - a sin^ 9w)Ni2 + ti sin dw^ix 

Lcosfc'viA 

ff^ = -V2eismew[tanewN*2- N*^], (8) 

O;;^ = -1{n,sN*, - N,,N;,) cos 2/5 - ^ [n,sN;, + N,,N;,) sin 2/?, 

OT = -O'-t^ withz, j = l,...,4. (9) 

where Pl,r = |(1 =F 75), 9 is the weak couphng constant {g = e/ sin^v^^, e > 0), and 
ee and T^e denote the charge and the third component of the weak isospin of the lepton 
i, tan/5 = V2/V1 is the ratio of the vacuum expectation values of the two neutral Higgs 
fields. Nij is the unitary 4x4 matrix which diagonalizes the neutral gaugino-higgsino 
mass matrix Fq,^, NiaYa/sN^/^ = m^o^ik- We use the basis 7, Z, H^, 

2.2 CP conserving and CP violating case 

In the formulae for the cross section we shall present in the following, one has to distinguish 
between two cases, CP conservation and CP violation: If CP is conserved the neutralino 
mass matrix Yap is real and the matrix Nij can be chosen real and orthogonal. Then all 
the couplings given in eqs. @, (P) are real. In this case some of the mass eigenvalues 
may be negative. We therefore write the eigenvalues in the form m^o = rjirrii, i = 1, . . . ,4, 
with nii > and rji = ±1 77, is related to the CP eigenvalue of the neutralino HH- 

If CP is violated the neutralino mass matrix is complex and the matrix N^j is complex 
and unitary. In this case the diagonalization of the mass matrix is done with the singular 
value decomposition method, NiaYapNkp = mi6ik, rrii > 0. In this method all masses rrii 
are chosen positive. The neutralino couplings, eqs. (P), (|^), are complex. 

The formulae given below are applicable to both cases. In the case of CP conservation 
the imaginary parts of all couplings are zero and the sign rji of the mass eigenvalues, 
appearing explicitly in the formulae, has to be taken into account. 

In the case of CP violation the imaginary parts of the couplings do not vanish. All 
factors rji appearing in the formulae have to be set rji = +1. 



2.3 Helicity amplitudes and cross section 



For the calculation of the amplitude of the combined processes of neutralino production 
and decays, eqs. (|l])-(iD, we use the same formalism as for the chargino production and 
decays [|13|, following the method of |[19|. The helicity amplitudes for the production 
eq. (|l]) are 



XiXj 



u, en) 



(10) 
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and those for the decays, eq.(^ and eq.(^ are 

Tdx = Tnxisi, Z) + Td,xAU, h) + Td^XU, h) + Td,x.Xuu h) + Td,xXuu ^r), (H) 
Td,x, = Td,x, (sj, Z) + To,x, it,, h) + Td,x^ (t,, 4) + Td,x, (uj, h) + T^,a, 4)- (12) 

They correspond to the Feynman diagrams in Fig. 1, and are given in the Appendix A, 
eqs. (O)-(Ol)- 

We introduce the kinematic variables s = {pi +^2)^, t = {pi —Pi)^, and u = {pi —p^Y 
for the production process, eq. (|l|), and Si = (pe +P7Y, ti = (ps — PeY, Ui = {ps — prY for 
the decay process of the neutrahno x?? e<l- and Sj = (pg +P10Y, tj = (p4 — P9Y and 
Uj = (p4 — pioY for the decay of the neutrahno eq. (|^), with the particle momenta pk 
as denoted in eqs. (Il])-®- 

The amplitude for the whole process is 

T = A(x°)A(x;) E T^'''Tn,xTn,x,, (13) 

where A(xi) = l/[pi - + irriiTi], rrii, Fj, and A(Xj') = ^/[pI - m'j + irrijTj], rrij, Tj 
denote the propagator, mass and width of and x^, respectively. For these propagators 
we use the narrow width approximation. 

The differential cross section in the laboratory system is then given by: 

da=-^\T\\2nYS\p,+p2-J2Pi)d^^P<P3---Pio), (14) 

Eb = denotes the beam energy and dlips{p3, . . . ,pio) is the Lorentz invariant phase 

space element. 

The amplitude squared |Tp of the combined processes of production and decays, 
eq. (|13D, is given by: 

\T\' = 4|A(x°)r|A(x;)r(PI^(x°)/^(x;) + ES?,(x°)S^(x°)/^(x?) 

a=l 

+EsUx;)sUx°)/^(x°)+ E s??(x°x;)s^(x°)s^(x;)).(i5) 

6=1 a,b=l 

Here a, b=l, 2, 3 refer to the polarization vectors of x^ and x^ defined in eqs. (|26|) - 
(pl|) below. If one neglects all spin correlations between production and decay only the 
first term in eq. (plSf) would contribute. The second and third term describe the spin 
correlations between the production and the decay processes Xi* ~^ Xk^~^^~ and x^ — >• 
X£^~^£~, respectively, because Sp(x°)(Sp(Xj)) as well as S^(x°)(S5:,(Xj)) depend on the 
polarization of the neutrahno Xi'(Xj')- Since Sp(x°Xj') depends on the polarizations of 
both neutralinos the last term is due to spin-spin correlations between both decaying 
neutralinos (see Appendix eq. ( [B.5| )). 

Owing to the Majorana character the spin correlations do not influence the energy 
distribution of the neutrahno decay products and the opening angle distribution between 
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(a/3) 


CL(a/3) 






L}{1 - P'^){1 + Pi) 
















Re{l + P^_){l-Pl) 




(l-P3)(l + p3) 










(1 + P!)(1-P|) 



Table 1: CL(a/?), Ci?(a/3) for longitudinal beam polarization P^{PD of e (e"^), a, /3 denote 
the exchanged particles, L^, i?^ are defined in eq. (|^. For unpolarized beams one has 
=Pl = 0. 



the leptons from the decay of one of the neutralinos. Therefore, these distributions are 
given only by the first term PD(x°)-D(Xj) i^i eq. (|15D [l^, p!T|| . 

We give the explicit expressions for P, Ep(x°), Sp(x°), Sp(x°x°) in Section 3 and for 
the quantities P)(x°), S^(x°), P'lx"), in Section 4. 



3 Spin-density production matrix 

In this section we give the analytical formulae for the quantities P, Sp(x°), Sp(x°), 
Sp(x°,x°), eq. (|15D, for the production in the laboratory system. 

It is useful to introduce the abbrevations cz,(a/3), CR{al3) as shown in Table |l]. P^{PD 
is the longitudinal beam polarization of e~(e+), and Li{Re) is defined in eq. (0). The 
arguments a, (3 denote the exchanged particles. Generally CL{a[3) {cR{a[3)) is large for 
P_i^ < 0, P_^ > {P^ > 0, P^ < 0), and favours left(right) selectron exchange. 



3.1 Neutralino polarization independent quantities 

The expression P of eq. (|T3p is independent of the neutralino polarization and reads: 

P = PiZZ) + P{ZBl) + PiZBR) + P{eL~eL) + P(gi?gii), 
with 



P{ZZ) 



P{ZeL) 



9^ 



\A\Z)\''[cr{ZZ) + cl{ZZ)]E, 



cos"' OvK 

{\0'-^WE,E, + g^cos^e) - [(PeO;;^)2 - (/mO;;^)>,r7,m,m,}, 



-CL{ZeL)ElRe{^\Z) 



cos^ 6^/ 

-(A**(e~z.)/,f /gOy - A-(g^)/,^/,^*Oy*)2E,gcose 
-(A**(gi)/,f /,^0y + A-(g^)/,^/,^*Oy*)(P.P, + cos^ 6)] }, 



(16) 



(17) 
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■(|A*(gz.)r + \A^{iL)\'mE, + g^cos^e) - (|A*(e~i)|2 - \A^{eL)\')2E,qcose 
- Re{{ftr{f[,rA^{BL)A'*{BL)}2v^V,mm,}. (19) 

P{ZeR), P{eReji): To obtain these quantities one has to exchange in eqs. (|18D and (|T9|) 

A*(gi)^A*(g«), A"(gz.) ^ A"(e^O, 

n"L _^ ^"R fL ^ fR fL ^ fR 
^ij ~^ ^ij 5 JU ~^ J til Jlj Jij- 

The propagators are defined as follows: 

A^(Z) = — , 

s — rriz + inizi- z 



I 

''£L,R ^""EL.H-^ eL,R ""eL.R ' """eL,/?-^ eL,R 



^\eL,R) = - ^— A"(e~i,H) = ^— (20) 



where mz,Tz, mg^jFe^, me^jFe^ denote the corresponding mass and width of the ex- 
changed particle. 

The angle G is the scattering angle between the incoming e~{pi) beam and the out- 
going neutralino X^{p4), the azimuth can be chosen equal to zero. For our study of the 
whole process of production and subsequent decay it is convenient to choose a coordinate 
frame in the laboratory system, where the momenta are given by: 

Pi = Efc(l,-sine,0,cose), (21) 
P2 = Efe(l,sine,0,-cose), (22) 
P3 = (S„0,0,-g), (23) 
P4 = {Ej,0,0,q), (24) 

with 

s + mj-m] s^m]-m] _\\ {AE^ mf , m|) 

where rrii, rrij the masses of the neutralinos and A the kinematical triangle function which 
is given by X{x, y, z) = + y'^ + — 2xy — 2xz — 2yz. 

3.2 Contributions of neutralino polarization 



Now we give the terms of eq. ([T5|) which depend on the polarization states of the neu- 
tralinos. For the neutralino x'iix'j) with momentum ^3(^4) we introduce three spacelike 
polarization vectors s"(Xi')(s'^(x?)), (a, b=l, 2, 3), which together with p^/m{p^/m) form 
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an orthonormal set |T^. In the laboratory system, see eqs. (PT|)-(P^), we choose the fol- 
lowing set of polarization vectors: 





= (0,-1,0,0), 


(26) 


s iXi) 


= (0,0,1,0), 


(27) 




= — (g,0,0,-Ei), 


(28) 


rrii 




= (0,1,0,0), 


(29) 


s\x]) 


= (0,0,1,0), 


(30) 


s'ix',) 


= ^(g,0,0,E,), 


(31) 



where denote the longitudinal polarization, transverse polarization in the scattering 
plane, and the transverse polarization perpendicular to the scattering plane. 



3.2.1 Polarization of x'i 



We give the expression for Ilp(x") of eq. (|T5D, where a =1, 2, 3 indicates the direction of 
the polarization vector s"(Xi'), as given in eqs. (|26D -(^8D. It can be decomposed as: 

E?,(x°) = ^UX-, ZZ) + S^(x°, Zcl) + S^(x°, Zij,) + S?,(x°, ^l^l) + ^Ux-, enCn). (32) 
1. The contributions of transverse polarization s^{Xi) in the scattering plane read: 

^^''^'^'^'smQ{cn{ZZ)-CLiZZ)) 

(33) 



^'pix^^zz) 



'cos^e 



w 



9^ 



-CLiZeijElsmQ 



cos^ 6vi/ 

-i?e{A^(Z)[/,i/,^*0:;^*A-(g^) - /,^7«0:;^A**(gi)]r^,m.gcose} 



(34) 



Sp(x°,eLeL 



-Ci(eiei)E^ine{|/,^n/. 



L\2 



{\A\eL)V + |A"(e~i)nr7,m,E, - (|A*(gi)|^ - \A^{eL)V)mm,qcosQ 



-2i?e{(/,f)2(/g)2A"(gi)A**(g^)}r/,m,i?,}. 



(35) 
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Sp(x°, Zeji), Sp(x°, efiCij): To obtain these quantities one has to exchange in eqs. (|51D 

and (p5|) 

and to change the overall sign of the right hand side of 



2. The contributions of longitudinal polarization s^{xf) read: 

^UxlZZ) = r,,^—\A^{ZncL{ZZ)-CR{ZZ))E! cose 

COS vy ^/^z 

'\0:i^\'{E,E, + q') - [iReO:i^r - {ImO'll^rhVjmm,] , (36) 

J:UxIZBl) = r^^^^cL{ZeL)El 
cos^ kdw 

'Re{A\Z)[fkf^;o:^*A-\eL) - /^OyA**(e~z.)]i?,g} 
+ i?e{A^(Z)[/,^/,^*Oy*A-(g^) + /,^OyA**(e~^)](E,E, + q') cosG} 
+ i?e{A^(Z)[/,^/,^*Oy*A-(gi)-/,f/,^OyA**(e~^)]E,gcos2e} 

- Re[A\Z)[ftfi^*0:^A^*{eL) + /,i7^0:;^*A**(e~^)]r/,r/,m,m, cosG}" , 

(37) 



,4 



A"(e~i)P - |A*(gi)p]E,.g+ [|A"(e~z.)P - |A*(e^)p]gE, cos^ 6 
+ [|A*(gz.)P + |A"(e~i)|2](E,E, + g2) cose} 

-2i?e{(/,f)2(/,^)2A"(gi)A**(e~i)}r/,r/,m,m,cose]. (38) 

Sp(x°, 2'eij), Sp(x°, e/jCij): To obtain these quantities one has to exchange in eqs. 

and (^) 

A*(gi) ^ A*(g«), A"(gz.) ^ A"(e^O, 
CL(ZeL) ^ Cij(Ze/j), CLieieL) Ci?(eijei?), 

^ij ^ ^ij 1 Jli ^ JUi Jij ^ J£j- 

and to change the overall sign of eqs. (B3). 
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3. The contributions of the polarization s'^{Xi) perpendicular to the scattering plane 
are: 

^lixlZZ) = -A{^—rmzncn{ZZ)-c,{ZZ)) 

cos^ <c)w 

m^qEl sin QRe{0'-j^)Im{Ol^), (39) 

Sp(x°,^eL) = — j—CL{ZeL)rijmjElq?>mQ 
cos^ <c)w 

Im{A\Z)[f^J^*0:i^A^*{BL) - ftf^P't^'*{eL)]}, 

(40) 

^UxleLCL) = -^c^(eV~L)^,m,i?,2?sine/m{(/,f)2(/,^)2A"(e~^)A**(e~^)}. (41) 

Sp(x°, Zcl), Sp(x°, e^ei) : To obtain these quantities one has to exchange in 

eq. (|0]) and eq. (|T]) 



CL(ZeL) -> Cfi(Zeij), ciieLeL) CR^eReR), 



Contrary to the case of s^(Xi') and s^(x^) the sign of the contributions Ep(x°) does not 
change when going from ei exchange to cr exchange. 

3.2.2 Polarization of x° 

We give the quantities Sp(x°) of eq. ( |T5|) which contain only the polarization vector s^(x°) 
with b =1, 2, 3, eqs. (^-(0): 

S^p(x°) = S5,(x;, ZZ) + S^(x°, ^Sl) + S^x?, ^e^) + S^X?, clSl) + S^x?, e/jgn). (42) 

1. Sp(x°), Sp(x°): The expressions for Sp(x°), Sp(x°) are obtained from those of 
S|,(x°), eqs. {^)-(^, by exchanging 

mi ^ TUj, r]i T]j, Ei Ej, (43) 

and by changing the overall sign of these expressions, for example, 

J^UxlZZ) = -2^—\A{Z)\^ElsinQ{cR{ZZ)-CL{ZZ)) 
cos^ Bvi/ 

\0'l^Wm^E, - [{ReO'-^f - {ImO';i'f]r],miE,] . (44) 
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2. Sp(x°): The expressions for Sp(Xj') are obtained from those for Ep(x°), eqs. 
( PD by exchanging 

Vi ~^ Vji ~^ ^ji ~^ (without changing the overall sign). (45) 
Note that 

• the transverse polarizations Sp(x°), Sp(x°), Sp(x°), Sp(x°) of the neutralinos 
vanish in forward and backward direction; 

• at threshold the tranverse polarizations Sp(x°) and Sp(x°) perpendicular to the 
production plane vanish proportional to the momentum of the neutralinos. 



3.2.3 Spin-spin correlations 

We give the expressions for Sp (Xi'Xj) of sq. (0), where a, b =1, 2, 3 indicate the directions 
of the polarization vectors s°'{x^) and s^{x^) as given in eqs. (p6D-(^). They can be 
decomposed as: 

S??(X°X?) = S??(x°X?, ZZ) + S"p^(x°x;, Zcl) + ^fmi Zen) + ^fmi ~eL~eL) 

+S^^(X°X?, e/je^), with a, 6 = 1, 2, 3. (46) 



1. The contributions of s^(x°) and s^(x?) are: 



9^ 



cos^ 9vy 



|A^(Z)p(c^,(ZZ) + CL(ZZ))E2sin2e 



{[(i?eO 



"L\2 



{ImO'ih^]EiE, - 2\0':fWr],mimj}, 



(47) 



j:'p\x^xlZeL) 



^ix^xS^eLCL) 



i?e{[/|/,^*A^(Z)A-(e~z.)0:;^ + ft ftA'{Z)A'*{eL)0';i^*]E,E, 

- [f[j,'^*A^iZ)A-*{e,)0';i^* + ftfi,A^iZ)A'*ieL)0';i^]v.vm^,}, 

(48) 

= -^CL{eLeL)El sin^ 6 



\mm\\A\e,)\' + |A'^(e~^)nr/,r/,m,m, 
+2i?e{(/,f)^(/,^.)'A"(g^)A**(g,)}E,E, 



(49) 



Sp (x°X?5 -Z^Cij), Sp (x°x°, eRen): To obtain these quantities one has to exchange 



in eqs. (||) and (|9]) 

A*(g^) ^ A*(gH), A^ieL) ^ A"(g^O, 
CL(ZeL) ^ cr^Zcr), CLieiCL) CR^eRen), 



O. 



n"R fL _^ fR 



H 1 



rL fR 
j£j Jlj- 
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2. The contributions of and are: 

■' cos* Bvy 

{{Reo';i^r - iimo';i^r}, m 

^fm%Z~e,) = -^—c,{Ze,)E',q' sin' Q 
cos^ kyw 



Re{A^{Z)[fte'^*A-*{eL)0:i^ + ftfe)^'*{eL)0't]}, (51) 
^fmie^eL) = -^caeLe~L)i?,Vsin2ei?e{(/,f)2(/,^)^A''(e^)A**(e~^)}. (52) 
Sp (x°x°, Zeji), Sp (x°x°, eRCR) : To obtain these quantities one has to exchange 



in eqs. (|T]) and (|5|) 

A\eL) ^ A*(e~«), A^(gz.) ^ A"(gR), 
CL(ZeL) CR(Zeij), CL{eLeL) Cij(eReij), 

^"L _^ ^"i? fL ^ fR fL _^ pR 

3. The contributions of s^(x°) and s'^(x°) are: 



'^fm',,ZZ) = r,,r,,^--\A^{Z)\\cn{ZZ) + c,{ZZ))El 

cos* 



{{ReO'-^f - {ImO'-l'f)r]ir]jmimj cos' 9 

~\0';mq' + E,E, cos' e]\, (53) 



S|3(;^0;^o,Zg^) = r„r,^^^CLiZeL)E', 
■' COS^ Bvy 



[i?e{A^(Z)[/,i/,^*A-(e~^)0:;^ + ftf[,A'*ieL)0';i^*]}v.Vj^,m, cos' 6 

- i?e{A^(Z)[/|/,^*A-(e~z.)Oy* + /,^A**(gz.)0y]}[g2 + E.E, cos^ 6] 

- Re{A^iZ)[flj,^*A-*{BL)0';i^* - /.^Vj A**(eL)O:;^]}2E,gcos0] , (54) 

Sf(x°X?,gLe~L) = r/,r/,^c^(g^ez.)i?,^[|/,iri/^l' 

( - i\A\iL)\' + |A"(gi)n[g2 + E,E, cos' 6] 

+ (|A*(gz.)r-|A"(gz.)r)2i5;6gcose) 
-2Re{{f^*fifijf^^i^L)A'*ieL)}mv,rn,m, cos' G] . (55) 

Ep (XiXj) -^'cr), Ep (x°x°, CReRj : To obtain these quantities one has to exchange 



in eqs. (|54[) and (|55| ) 

A*(gi) ^ A\in), A"(gi) A«(gR), 
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CLiZei) CR{ZeR), CL^eLeL) CR^eReR), 



4. The contributions of s^(x°) and s'^(x°) are: 

29' 



O 



'R 
ij 5 



PL, pR pIj pK 

Ju ~^ Jhi Jej ~^ Jij- 



R 



T], \A'{Z)\'{cR{ZZ) + CLiZZ))EtsmQcosQ 

cos Wvy 

- {{ReO'-^f - {ImO'-^f)EiT^jm, + Pl^WnnE^ 



(56) 



-CL(ZeL)E^sm9 



cos^ 6vy 

- Re{A\Z)[fi:J^;A-\e,)0:i^ + /,^A**(e~i)0:;^*]}i?,r/,m, cos0 

+ i?e{A^(Z)[/,^/,^*A"*(g^)0:;^* + /,^7^ A**(e~^)Oy]}r/,m,E, cosG 

+ i?e{A^(Z)[/|/g*A-(g^)Oy* - /,f /,^A**(g^)Oy]}r/,m.g] , (57) 
4 



^13/~0~0 ~ ~ \ „ ■S' „ /- ~ N 7712 



Vj^CLieLeL)E^ sin 6 

l/.-ri/^r{[|A"(eL)r-|A*(e,)rhm,g 
+ [|A*(gi)|2 + \A^{eL)\'Hm,E,cose} 
+2i?e{(/,f)2(/,^.)'A"(eL)A**(ei)}E,r/,m,cose 



(58) 



Ep (x°X°, Zcr), Ep (x^x°, crCr) : To obtain these quantities one has to exchange 



in eqs. ([57| ) and (^ 



A*(ei) ^ A*(gp), A-(e~i) ^ A"(e~^) 
CL(ZeL) ^ CR{ZeR), CLieieL) ^ CR{eReR), 

f)"L _^ fL , f . fR 

^ij ^ij 1 Jli Jlii Jlj Jej- 



5. The contributions of s^{Xi) ai^d s (Xj) ai'^- 

The expressions for Ep (x°Xf) are obtained by exchanging 



r]i^r]j, rrii^mj, Ei^Ej (59) 
in eqs. (^)-(|58|) and also in the corresponding contributions from cr exchange. 



6. The contributions of s^(x°) and s^(x?) are: 



-4- 



9^ 



cos^ 9 VI/ 



■\A\Z)\\cR{ZZ) + CL{ZZ))ElE,q^m^e 
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Re{0';hlmiO';h, (60) 



-.4 



cos^ 



/m{A^(Z)[-/,^/,^*A-(gi)Oy + /gA**(g^)Oy*]}, (61) 



S^'(x°X?,gLe~,) = |-c,(e^e,)i?,^i?.gsin2e/m{(/,r)^(/,^)^A-(eL)A**(e,)}. (62) 
Sp (XiXj, 2'ei?), Sp (x°x°, eReRj: To obtain these quantities one has to exchange 



in eqs. (|T]) and (gg) 

A*(g^) ^ A*(e~«), A"(e~z.) ^ A«(g«), 
CL(ZeL) cr^Zcb), CLieLCL) CR^eReR) 

n"L _^ r)"R fL ^ fR fL ^ fR 
^ij ~^ ^ij 5 Jii ~^ J Hi J ij ~^ Jiji 

and to change the overall sign of eqs. (0), ([6 



7. The contributions of s (x°) and s (x°) are 



The expressions for Sp (x°x°) are obtained by exchanging 

^ Tlji ^ ITT'j, Ei ^ Ej (63) 



in eqs. (p(]|)-(|52D and in the corresponding contributions from cr exchange. In 
addition, one also has to change the overall sign. 

8. The contributions of s^(x°) and s'^(x°) are: 

^fm'^ZZ) = -A^—\A%Z)ncR{ZZ) + cUZZ)] 

cos* HvK 

rUjE^q sin 6 cos QRe{Oll')Im{0'l^), (64) 



^f{x^iX°j,ZeL) = ^ CL{ZeL)E'^mjqsme cosQ 



cos^ 9 1 

Jm{A^(Z)[-/,^/,^*A-(g^)Oy + /,f /,^A**(e~^)Oy*]}, (65) 
(x°X?,eLeL) = —CL{eLeL)E^mjqsmecosQ 

Im{{ftnfe',rA-{eL)A'*{eL)}. (66) 
Ep (x°X°, Zcr), Sp (x°x°, eRCR): To obtain these quantities one has to exchange 



>w 



in eqs. ( |65|) and (pq) 

A*(gL) A*(e~fi), A"(e,.) ^ A«(gR), 
Ci(ZeL) ^ cr^Zcr), ciieLCL) CR^eReR), 

0"L _^ r)"R fL ^ fR fL fR 
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and to change the overall sign of eqs. 

9. The contributions of s^(xf) and are: 

The expressions for Ep (x^Xj) cire obtained by exchanging 

rrii <-> nij, Ei ^ Ej (67) 



in eqs. (|6^ ) -(|66 D and in the corresponding contributions from cr exchange. In 
addition, one also has to change the overall sign. 



Note that 



all contributions of transverse polarizations s^(Xi), ■s^(Xi'), ■s^(Xj'), ■s^(Xj) vanish in 
forward and backward direction; 

at threshold all spin-spin terms of transverse polarizations s^(Xi'), s^^x^) vanish 
proportional to the momentum of the neutralinos. 



4 Decay matrix 

In the following we give the analytical formulae for the decay matrices D{xT)i '^iiix^) fo^' 
the decay XilPs) ^ xl^Pb) +^"^(P6) +^"(^7), and D{x^), for the decay x°(P4) ^ 

X^ips) +^^(^9) +^~(pio)- We present them in covariant form. They have to be inserted in 
eq. (|15D to obtain the amphtude squared for the combined process of neutralino production 
and decay. 



4.1 Neutralino polarization independent quantities 

The expression -D(x°) of eq. ( pIS] ) which is independent of the polarization vector s"'{x^) 
has the following decomposition: 



ml) = D{xl ZZ) + D{xl Zh) + D[xl zIr) + D{xl hh) + D{xl W 
The analytical expressions for Z}(x°), eq. (|68D, read: 

9^ \ \Sif r7\\2 



D{xlZZ) = 8 



DixlZh] 



cos^ Qw 
{L] + Rl) 

4 



\A'^{Z)\' 



L\2 



9^ 



cos^ Qw 



Dixlhh) = 2g''\f^f\f,i\'i\A''ih)\-'g, + \A-^ih)\-'g,) 



Re{iftnfkr^Hh)A-'*iiL)}93 



(68) 



(69) 

(70) 
(71) 
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where we have introduced the following combinations of scalar products: 



91 = {P5P7){pm), 

92 = {P5P6){P3P7), 

93 = iViVkmimi,)ip6P7). 



(72) 
(73) 
(74) 



The propagators are denoted by A*'(Z), A*'(£l^r), A'^^{iL,R) and are defined analogously 
to eq. ([20|), with Sj, ti, Ui as defined after eq. (0). 



D{x^, Ziji), D{x% ^r^r) '■ To obtain these quantities one has to exchange in eqs. ([70|) 

and (I7T1) 



A*'(4) ^ A*'(4), A"'(4) ^ A"'(4), 
Okf'^ fk fui Li ^ Ri>. 



The expressions Dj{x^), eq. (|l5l), for the decay Xj(P4) X?(P8) +^~^(P9) +^ (pio) and the 
corresponding scalar products are obtained by the following substitutions in eqs. (p9|)- 



P5 ^ P8,P6 ^ P9,P7 ^ Pio, nii ^ mj,mk ^ mi, r]i^r]j,r]k 

^ki ^Ij^ ^ki ^ ^ 



Vh 



A^"(Z) ^ A^^(Z), A*'(4^) ^ 



R) 



L,R) 



L,R) 



(75) 
(76) 
(77) 



4.2 Neutralino polarization dependent quantities 

We first give S^(x°) of eq. (plSf ) which contains the polarization vector s^i^Xi)'- 

E%{x^) = ^^{xl ZZ) + S^(x°, ^£~l) + ^Uxl Zh) + S",,(x°, hh) + S^(x°, 44). (78) 

The analytical expressions for E^(x°), eq. ([78|) , read: 



E«^(X°,^^) = 8 



cos"^ 6vy 



|A^-(Z)p(i?|-L^ 



- [{ReO'iff - {ImOltYK + ^(^7? - 92 



"L\2-i 



n^ixlZiL) 



(79) 



cos^ Qw 

+ ftfik^'''*ih)i20:t92 + dk-{9l - 9X))\ }, (80) 

2^7'fi/in/.iniA"'(4)p^72" - iA*'(4)iv] 



+ ^e{(/,f )2(/,^,)W^(£^)A"'*(4)(^73" + 9l)} 



(81) 
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where we have introduced the following abbrevations involving the polarization vector 
eqs. (ID-dH), with a =1, 2, 3: 

g1 = V^mip,P7)iP6s''ix■)), (82) 

92 = nirn,{p^p^){p-rs\x1)). (83) 

^73^ = %^fc[(P3P6)(P7S"(X-))-(P3P7)(P6S'^(X-))], (84) 

gl = iVkmue,,prs''^{x'l)plp'7Pl- (85) 

E^(x°, ZCr), ^z)(Xi 5 ^r^r)'- To obtain these quantities one has to exchange in eqs. (|80D 



and (|T]) 

A''{h) ^ A*'(4), A«^(4) ^ A«^(4), 
^fci^ ^ ^fc«^) fu ~^ fell Li ^ Ri. 

In addition, one has to change the sign of g^, g2, g^, but 
not of g^. 

The expression can be expanded in triple product correlations which are sensitive to 
the component of the spin vector perpendicular to the scattering plane. 

The corresponding expressions S^(x°), eq. (p!5|), for the decay Xj(P4) ~^ 'XjiPs) + 
^^(pg) + ^~(Pio) are obtained by the same substitutions as eqs. ([f^)-(|T7|), and the addi- 
tional substitution s"(Xi') — ^ s^ix^j) in eqs. (^)- (|85|) . 



5 Numerical Results 

In the following numerical analysis we study e+e^ X1X2 with X2 ~^ Xi^^^~ fo^' various 
polarizations of the e~ beam. The calculations are done in the MSSM. We take the 
parameters M', M, fi, tan/5 real. Since we want to study the influence of the parameter 
M' we do not use a relation between M' and M. We will also study the dependence on 
the selectron masses mg^, mg^. 

We shall choose three different examples of parameter sets. In all these examples we 
choose M = 152 GeV, = 316 GeV, tan/3 = 3, and vary M' between 40 GeV and 160 
GeV. Especially the mass of the Xi is very sensitive to M'. For these parameters Xi and 
X2 are dominantly gauginos and have small couplings to Z^. For the selectron masses we 
take 

i) rue^ = 1000 GeV, mg^ = 200 GeV; 

ii) rrie^ = 200 GeV, mg^ = 1000 GeV; 

iii) mg^ = 176 GeV, mg^ = 161 GeV. 

In i) and ii) we want to study the influence of and exchange for large slepton 
mass splitting. Scenario ii) with mg^ > mg^ may be realized in extended SUSY models 
For M' = 78.7 GeV, example iii) corresponds to the mSUGRA scenario studied in 
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2T|. In i) and ii) we want to study the influence of and cr exchange for large slepton 



mass splitting. 

We present results for the cross section 

a, = a(e+e- ^ x'ix%)BR{xl ^ X?e+e-), (86) 
and the forward-backward asymmetry 

_ cTe (cos Q, > 0) - q-e(cosQ, < 0) 
''''~ae(cose_>O) + ae(cos0_<O) ^ ' 



of the electron from the decay x^^+e". In eq. (|87|) 0_ is the angle between the 

incoming electron beam and the outgoing e~ . 

The forward-backward asymmetry ApB is largest near the production threshold. We 
therefore study in all three examples (Tg and Aps at -y/s = m^o + m^o + 50 GeV, and 
in example iii) also at y/s = 500 GeV. As for the polarization of the e~ beam we take 
P3 = ±90%. 



5.1 Cross sections 

We first study the M' dependence of cTg = a^e^e" x5x2)-^-^(X2 ~^ Xi^'^^") iisar the 
production threshold {^/s = m^o + m^o + 50 GeV). We begin with case i), where cl 
exchange is suppressed. Fig. ^ shows the corresponding M' dependence for unpolarized 
beams and for the e~ beam polarizations = +90% and = —90%, with M, /i and 
tan j3 as given above. Clearly, a right polarized e~ beam yields the largest cross section 
because it enhances the exchange. The production cross section for e~^e^ X1X2 has 
a maximum at M' ^ 130 GeV, where also the cr exchange contribution is maximal. The 
cross section ag, eq. (|5BD, has its maximum at M' ^ 118 GeV. This shift is due to the 
fact that the leptonic decay branching ratio of X2 ^as a maximum at M' ^ 118 GeV and 
then strongly decreases. 

Obviously, the characters of Xi and X2 change with varying M'. With increasing M' 
the B component of Xi decreases and the 1^^-ino and the higgsino components increase. 
The opposite is true for X2- The couplings are small and almost constant up to 
M' ^ 120 GeV, 0^2 ~ 0.015, and decrease for larger M'. The product of the couplings, 
I /el /J 1 5 ^ maximum at M' ^ 130 GeV. 

We compare this with case ii), where exchange is suppressed. Fig. H shows the 
corresponding M' dependence. Now a left polarized e~ beam leads to the largest cross 
section because the ei exchange is favoured. There is a maximum at M' ^ 60 GeV and 
a minimum at M' f» 120 GeV. The maximum at M' ^ 60 GeV can be explained by a 
corresponding maximum of the leptonic branching ratio. The minimum at M' ^ 120 GeV 
is due to the vanishing of ee^Xi coupling at this value of M'. 

In example iii) the mass difference between ei and cr is small. Therefore, cl and cr 
exchange contribute. We show in Figs. ^ and ^ the M' dependence for this case near 
threshold and at ^/s = 500 GeV, respectively. For right polarized e~ beams the cross 
section behaviour is similar to that of case i), and for left polarized e~ beams it is similar 
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to that of case ii). At ^/s = 500 GeV the cross section is about a factor 2 bigger than near 
threshold but has a similar M' dependence. In all cases there is a small step at about 
M' = 42 — 44 GeV, which is due to the opening of the two-body decay X2 ~^ Xi^^- 

5.2 Lepton forward— backward asymmetries 

In this subsection we study the M' dependence of the forward-backward asymmetry 
ApB of the decay electron e~, as defined in eq. (0). The decay electron angular dis- 
tributions and the corresponding forward-backward asymmetry are very sensitive to the 
spin correlations SpS^, (SpS^^), eq. (|T3p, and are the result of a complex interplay be- 
tween production and decay. As the spin correlations between production and decay are 
strongest near threshold, the forward-backward asymmetry will also be largest there. 

We show in Figs. ^, |^, and |^ yli?^ near threshold as a function of M' for the cases i), 
ii), and iii), respectively. As can be seen ApB is very sensitive to the masses of and cr, 
and the mass splitting between them. In all cases ApB has a pronounced M' dependence. 
The selectron couplings /^^ and f^, i =1, 2, exhibit a characteristic M' dependence, 
which is reflected in the M' behaviour of Aps- Moreover, by choosing different e~ beam 
polarizations the ep and cr contributions can be enhanced or suppressed. 

The small dip of the asymmetry at M' = 42 — 44 GeV is due to the opening of the 
two-body decay X2 ~^ 

The behaviour of App in Fig. | at about M' = 115 — 125 GeV is due to the vanishing 
of eepXi coupling at M' ^ 120 GeV and a complicated interplay between the Z°, ep 
and ep contributions, which are all very small (see Fig. ^). 

In Fig. y we show the M' dependence of App at ^/s = 500 GeV for case iii). This is 
very similar to that near threshold. Fig. ^ but the magnitude is smaller by a factor 2 to 
3, because with increasing y/s the spin correlations decrease. 



A numerical analysis for both beams polarized has been given in |]TI[ and will be 
continued in P2| . 



6 Summary 

We have given the full analytical expressions for the differential cross section for e~^e~ — > 
XiX^ with polarized beams and the subsequent leptonic decays Xi* ~^ (^~^^~Xk X^ ~^ 
i'^i~X^, taking into account the complete spin correlations between production and decay. 
The production spin density matrix is presented in the laboratory system. The formulae 
for the decay processes are written covariantly involving explicitly the neutralino polariza- 
tion vectors. When combining the production and decay process the polarization vectors 
in the laboratory system as given in eqs. (p6D -(^ll) have to be taken. 

We have presented numerical results for the cross section and the lepton forward- 
backward asymmetry for e~^e~ X1X25 X2 ~^ Xi^^e". We have studied the dependence 
on the parameter M' for various mass splittings between ep and ep and different e~ beam 
polarizations. 
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The cross section cTg shows a characteristic dependence on M' and the masses of the 
exchanged selectrons as well as on the beam polarization. 

The lepton forward-backward asymmetry ApB can only be explained by the presence 
of spin correlations between production and decay, as it would be zero in the produc- 
tion process alone. Aps depends very sensitively on the SUSY parameters and the beam 
polarizations. Therefore, this quantity is an additional useful observable for a more pre- 
cise determination of the parameters. Different beam polarizations help disentangle the 
contribution from and cr exchange. 

7 Acknowledgement 

We are grateful to S. Hesselbach for many useful discussions and to V. Latussek for his sup- 
port in the development of the numerical program. We are also grateful to W. Porod and 
S. Hesselbach for providing the computer programs for neutralino widths. G.M.-P. was 
supported by Friedrich-Ebert-Stiftung. This work was also supported by the German Fed- 
eral Ministry for Research and Technology (BMBF) under contract number 05 7WZ91P 
(0), by the Deutsche Forschungsgemeinschaft under contract Fr 1064/2-2, and the 'Fonds 
zur Fordcrung der wissenschaftlichen Forschung' of Austria, Projects No. P10843-PHY 
and P13139-PHY. 

Appendices 

A Amplitudes 

We give the helicity amplitudes Tp^^ (a) for production and Tp)^\.{a), Tp),Xj{a) for the 
decays, corresponding to the Feynman diagrams in Fig. 1 {a denotes the channel). 
The amplitudes Tp^^ (a) for the production, e~(pi)e+(p2) — Xi(P3)x°(P4) read: 

T^'"^' {s, Z) = f A%Z)v{p2)riLePL + RePRMpi) 



u{Pi, \j)i^{0]^PL + 0]^Pr)v{p:,, a,), (A.l) 

Ti:^' {t, h) = -g'f^J^*A\h)v(P2)PRv(ps, Xi)u(p4, Xj)PLu(pi), (A.2) 

T^'^' {t, Ir) = -g'f,^f,fA\iR)v{p2)PLv{ps, K)u{p^, \j)PRu{p,), (A.3) 

T^^^^ {u, h) = g'ftf^^A-(h)v(P2)PRv(P4, Ai)^(p3, A,)Pl^(pi), (A.4) 

Tp''^{u,iR) = g'ftfSA^{iR)v{P2)PLv{p,AjMP3:K)PRu{pi). (A.5) 

(A.6) 



The amplitudes TD,\i{a) for the decay of the XiiPa) ~^ XkiP5)^~^ (P^)^ (P?) read: 
Td,xM) = (^A^^{Z)u{p^)r{LePL + RePRHp,) 
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nip.hMi'PL + Ol^PnMps, A.), (A.7) 

TD,xAU,h) = -g'f,\ft^''ihMpr)PRvip,)vips,X,)PLviPe), (A.8) 

TD,xAU,iR) = -g'f,ift^''C^RHP7)PLv{p5Mp3, Xi)PRv{p,), (A.9) 

TD,xA^^,iL) = +g'ftftA^^{h)u{py)Pnu{ps, XMP5)PLv{pe), (A.IO) 

TD^Au^JR) = +g'f,'^f,fA'^^{inMpr)PLu{P3, \)u{p,)Prv{p,). (A.ll) 

The corresponding amplitudes for the decay of the Xj(P4) ~^ X?(P8)^'''(P9)^~(Pio) 

are obtained by exchanging in eqs. ( |A.7D -( |An| ): 

Si ^ Sj, ti tj, Ui Uj, A'' A'^ , A*^ A*^- , A"' A"^' , (A. 12) 

P5 P8,P6 P9,P7 PlO, Oj^i O/j, Oj}, O^j. (A.13) 



B Spin Formalism 



The amphtude for the whole process, eq. (|TD, is 

T = A(x+)A(x7) E T^,^''Tn,xTn,x„ (B.l) 

with the helicity amplitude Tp^^ for the production process and T^x^ 'Pd,\j for the decay 
processes, and the propagators A(x^j) = l/[pi,j — f^ij + ^"^ijrjj]. Here Xij,pij, rriij, 
Tij denote the helicity, four-momentum squared, mass and width of xfj- The amplitude 
squared 

|T|2 = |A(x+)r|A(x7)rp^^'^''^>AAa.PD,Aa, (sum convention used) (B.2) 
is thus composed of the (unnormalized) spin density production matrix 

Pp ' =Tp 'Tp (B.3) 
of Xi'j- and the decay matrices 

Pd,x[x,=Td,xT^,x' and pz),A' a, = ^d,a,T* a' . (B.4) 

Introducing a suitable set of polarization vectors for each of the neutralinos one can 
expand the spin density matrix of the production process and the decay matrices of both 
neutralinos in terms of Pauli matrices. 
The spin density production matrix reads: 



a b 

+ E<A'<.A'S?>''(X°X;)), (B.5) 



ah 
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and the matrices for the decays read: 

PD,Kx. = (<5v,,D(x°) + E^A%.S^(x°)), (B.6) 

a 

PDxx, = (5a'a,^(x;)+e4.a,s^(x;))- (B.r) 
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Figure 1: Feynman diagrams for the s,t,u channel of the production process, e'^e — > 
x'iXp ^iid the Si,ti,Ui and Sj,tj,Uj channels of the decay processes x° — > Xki'^i~ and 
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Figure 2: M' dependence of the cross section Oe near threshold {^/s — m^o + m^o + 
50 GeV) with M = 152 GeV, = 316 GcV, tan/3 = 3, mg^ = 1000 GeV, and mgj = 
200 GeV for the three cases: unpolarizcd beams (solid line), e~ beam polarized, — 
+90% (dotted hne) and = _9o% (dash-dotted line). 

Afb O-IS I ' ' ' ' ' 1 




-0.2 



-0.25 I ' ' ' ' ' 1 

40 60 80 100 120 140 160 

M' /GeV 

Figure 3: M' dependence of the lepton forward-backward asymmetry ApB near threshold 
{^/s = m^o + m^o + 50 GeV) with M = 152 GeV, = 316 GeV, tan/3 = 3, mg^ = 
1000 GeV, and mg^j = 200 GeV for the three cases: unpolarized beams (sohd line), e~ 
beam polarized, = +90% (dotted line) and = -90% (dash-dotted hne). 
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Figure 4: M' dependence of the cross section o-g near threshold — m^o + m^o + 
50 GcV) with M = 152 GeV, = 316 GeV, tan /? = 3, mg^ = 200 GeV, and mg^' = 
1000 GeV for the three cases: unpolarized beams (sohd hne), e~ beam polarized, = 
+90% (dotted hne) and Pj? = _9o% (dash-dotted line). 
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Figure 5: M' dependence of the lepton forward-backward asymmetry ApB near threshold 
{^/s = m^o+m^o+50 GeV) with M = 152 GeV, = 316 GeV, tan/3 = 3, mg^ = 200 GeV, 
and mg^ = 1000 GeV for the three cases: unpolarized beams (solid hne), e~ beam 
polarized, P^ = +90% (dotted hne) and P^ = -90% (dash-dotted line). 
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Figure 6: M' dependence of the cross section Oe near threshold {^/s — m^o + m^o + 
50 GeV) with M = 152 GeV, = 316 GcV, tan/3 = 3, mg^ = 176 GeV, and rue^ = 
161 GeV for the three cases: unpolarizcd beams (solid line), e~ beam polarized, — 
+90% (dotted hne) and = _9o% (dash-dotted line). 
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Figure 7: M' dependence of the lepton forward-backward asymmetry ApB near threshold 
{^/s = m^o+m^o+50 GeV) with M = 152 GeV, = 316 GeV, tan/3 = 3, mg^ = 176 GeV, 
and mg^ = 161 GeV for the three cases: unpolarized beams (solid line), e~ beam polarized, 
p3 ^ ^90% (dotted line) and = -90% (dash-dotted hne). 
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Figure 8: M' dependence of the cross section cTg at y/s — 500 GeV with M — 152 GeV, 

IJL — 316 GcV, tan/? = 3, mg^ = 176 GeV, and mg^ = 161 GeV for the three cases: 
unpolarized beams (sohd hne), e~ beam polarized, = +90% (dotted hne) and = 
-90% (dash-dotted hne). 
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Figure 9: M' dependence of the lepton forward-backward asymmetry Aps at ^/s = 
500 GeV with M = 152 GeV, ji = 316 GeV, tan/3 = 3, mg^ = 176 GeV, and mg^ = 
161 GeV for the three cases: unpolarized beams (solid hne), e~ beam polarized, P£ = 
+90% (dotted hne) and Pi = -90% (dash-dotted line). 
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